Metro Manila, in general, has poor air quality and had air pollutant concentrations measured to be higher than the acceptable limits, with motor vehicles as the major source of pollutants. Some of the populations that are greatly exposed to pollutants, such as VOCs, in Manila are those who spend most of their days on the city streets. These populations include the drivers of jeepney vehicles.
The jeepney is a diesel-fueled public utility vehicle, with the capacity of 14-20 passengers. It has an open rear end that serves as a passage towards the passenger compartment at the back of the vehicle, has open sides for windows, and has a roof covering. The driver's compartment is open on both sides, as well as the back, forming no physical barrier from the passenger area. Because a jeepney is semi-enclosed, the driver and passengers of jeepneys may be easily exposed to urban pollution and, therefore, are at risk to health effects caused by pollutants, such as VOCs. But, unlike the passengers and other commuters, the jeepney drivers spend more than one half of the day working in the vehicle. This is the reason why their exposure is considered occupational. Many studies on VOC exposure have been conducted in other vehicles such as cars, buses and motorcycles. The jeepney is a vehicle that is very common and unique to the Philippines, and represents the principal means of public transportation. There were 54,458 registered public utility jeepneys (PUJs) in Metro Manila in 2003 when the data were collected 4) . The literature shows that no studies on the VOC exposure of jeepney drivers have been conducted and, thus, studying this specific occupational group is of great interest.
Several studies assessed the exposure of certain populations that spend a fraction of their day in vehicles in the urban areas, such as drivers and commuters. Occupational exposure of drivers to VOCs has been examined in a relevant study. Jo and Yu assessed the occupational exposure of public bus and taxicab drivers to 6 VOCs (benzene, toluene, ethylbenzene, m,p-xylene and o-xylene) in Taegu, Korea during summer and winter 5) . The results showed that the taxicab drivers were found to be exposed to higher VOC concentrations than the bus drivers during their daily work time.
Some studies have examined the in-vehicle exposure of commuters to VOCs. One of these studies was by Jo and Choi which examined the exposure to 6 VOCs (benzene, toluene, ethylbenzene, m,p-xylene and o-xylene) in buses and cars traveling in urban and suburban areas in Taegu, Korea 6) . The results showed that the in-auto VOC concentrations were higher than the in-bus concentrations. For both in-auto and in-bus, the urban VOC concentrations were higher than the sub-urban counterparts. Three similar studies, two also in Korea and one in Australia, compared the in-auto, in-bus and ambient concentrations of target VOCs in urban areas [7] [8] [9] . These studies showed that the in-auto VOC concentrations were higher than the in-bus concentrations, and that both in-vehicle concentrations were higher than the ambient air levels. A U.S. study on VOC exposure of commuters conducted in Boston, MA showed that in-car concentrations were higher than those in subways and while biking 10) . Another U.S. study conducted in Raleigh, NC on driver exposure to certain pollutants showed that in-vehicle VOC concentrations were highest in the urban roadway and lowest for the rural roads 11) .
Levels of VOCs have been measured in Manila as part of a study that compared ambient air levels in cities of Latin America and Asia 3) . The study showed that toluene, benzene, ethylbenzene, m,p-xylene and o-xylene had the highest concentrations among the VOCs in all the cities, including Manila.
Based on the above-mentioned studies on VOC concentration levels in vehicles and ambient air, the VOCs chosen to be targeted in this study were toluene, benzene, m,p-xylene, o-xylene and ethylbenzene. These VOCs were also reported in previous studies as markers of vehicle emissions 10, 12) .
The aim of this study was to assess the occupational exposure of jeepney drivers in Manila to six mentioned VOCs (toluene, benzene, m,p-xylene, o-xylene and ethylbenzene) based on personal monitoring. Jeepney drivers are a specific occupational group that is unique to the Philippines, and this study, to the best of the authors' knowledge, is the first to provide data on the occupational VOC exposure of this group. Since the jeepney is semienclosed, the drivers' VOC exposure may come from different sources inside and/or outside the vehicle (i.e. vehicle exhaust, cigarette smoking by driver or passenger). The study did not cover the determination of these specific VOC sources but was interested in the overall exposure of the drivers to these compounds during work. The ambient airborne concentration of these VOCs was also measured in urban Manila and compared with that in a rural area (Mindoro) to determine if the same VOCs were present in urban and rural areas.
Subjects and Methods

Study population
The Institutional Review Board (IRB) of the University of Minnesota (Minneapolis, MN) approved the study (#0206M28001) for human participation. To obtain participants for the study, a jeepney operator in Manila was contacted by giving a letter of permission to allow recruitment of jeepney drivers who work for him. For this study, the jeepney drivers were recruited based on the permission and recommendation obtained from a jeepney oper-ator. Fifteen drivers voluntarily agreed to participate in the study and signed consent forms. By the end of the sampling period, ten drivers successfully completed the entire 5-d sampling period. The other five drivers only completed three sampling days or less due to two reasons: 1) they did not go to work, and 2) they did not return the monitors on time or at all.
The vehicles of all the drivers were not enclosed during the sampling period. All the driver participants have the same driving route: from Baclaran to Blumentritt and back. The driving route runs along the busy main road of Manila and across other busy streets where academic institutions, medical buildings (i.e. hospitals, clinics and laboratories), commercial establishments (i.e. shopping centers, restaurants) and government buildings are located. This route runs under the Manila Light Rail Transit (LRT) and is a 4-lane road, with stop-and-go traffic, especially during rush hours. One complete round trip is approximately 50 km. In a typical working day, a jeepney driver completes 4-5 round trips, with each trip taking approximately 2-3 h. Their working day typically starts at 6:00-8:00 A.M. and ends at 12:00-1:00 A.M. There are usually three meal breaks each of 15-20 min that are not spent inside the vehicle.
Sampling
The sampling method used in this study was passive sampling. In recent years, passive or diffusive sampling has been used successfully for indoor and outdoor environmental sampling [13] [14] [15] . Studies using passive sampling show that this method, which was originally designed for workplace personal monitoring of VOCs, yields acceptable results at ambient levels. The passive samplers used in this study were 3M 3500 Organic Vapor Monitor (3M, St. Paul, MN) badges.
The sampling took place in February 2003. For all 5 sampling days, the weather was hot and sunny during the day. During sampling, no rain occurred and the temperature ranged from 26 to 34˚C, and the relative humidity ranged from 52 to 83%.
For personal sampling, a new badge was attached to the collar (within the breathing zone) of each jeepney driver at the start of each sampling day (between 6:00 to 8:00 AM). The samplers remained attached to the drivers while they did their normal daily activities. The study participants would return to drop off the diffusive samplers between 8:00 to 11:00 PM. Each participant was sampled on five separate days during the entire sampling period from February 10 to February 19. The sampling was not stopped for the meal breaks. The sampling time had an average of 812 min (ranging from 685-1,010 min).
Area samples were collected during each day the jeepney drivers were personally sampled in Manila. For each sampling day, two area samples were collected: one in Manila for the urban sample and the other one in Mindoro (approximately 160 km away from Manila) for the rural sample. Thus, 5 samples were collected for each area. The average sampling time was 824 min with the individual values ranging between 750 and 910 min. The location of the sampling site in the urban area of Manila was along a busy main road near academic institutions and commercial establishments and was less than one block from the jeepney route. The sampler was attached to the roof of a kiosk, approximately 2.5 m above ground. For the rural location in Mindoro, the sampler was attached to a gate, 2 m above the ground along a dirt road surrounded by tree farms.
Analytical method
After sampling, the samplers were capped, kept in a refrigerator for storage and then transported in a sealed bag by airplane back to the United States. The diffusive samplers were prepared for desorption by adding 1.5 ml carbon disulfide to the badges and allowing to stand for at least 30 min with occasional agitation. Analyses of VOCs were performed by capillary gas chromatography using a Hewlett-Packard HP 5890 Series II gas chromatograph (GC) fitted with a flame ionization detector (FID) for quantification. The analytical column was a J&W DB-5 (5% phenyl, 95% methyl silicone) capillary column, 30.0 m × 0.53 mm (I.D.) × 5.0 µm. The oven temperature program was initially 35˚C for 5 min and then increased at a rate of 5.0˚C/min up to 185˚C. The carrier gas was helium. VOC concentrations were determined for benzene, toluene, m,p-xylene, o-xylene and ethylbenzene. A 7-point calibration curve was established for each VOC analyzed using the external method, with r 2 =0.99. The limits of detection were also established for each target VOC for the sampling method used. The VOC concentrations having a value lower than the detection limit were set equal to one half of the limit of detection, for calculations of the mean values in the plot.
To account for possible losses of analytes during air transportation from the Philippines to the United States, a preliminary experiment was conducted. Four 3M 3500 OVMs were exposed simultaneously to a known toluene concentration in a test chamber. After exposure, two of the badges were left in the laboratory and were labeled as the "control" badges. The other two badges, labeled as the "transported" badges, were transported in a sealed bag by plane to India and then back again to the United States. One month after exposure, the four badges were analyzed in the laboratory using a Hewlett Packard Model HP 6850 Series gas chromatograph fitted with a flame ionization detector (FID) for quantification. The results
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of the analysis showed that the average toluene concentration is 39.29 ppm (147.99 mg/m 3 ) for the "control" badges and 37.76 ppm (142.22 mg/m 3 ) for the "transported" badges. The percent difference between the toluene concentrations sampled by the two badge groups is 3.90%. It was therefore concluded that the effect of air transportation on the samples, with regard to sample loss, is minimal.
Data analysis
The data were analyzed with the use of Microsoft ® Excel and SAS ® software (SAS Institute Inc., Cary, NC). Where data were missing, the number of available observations was reported and no assumptions were made about the missing data. Analysis of data consisted of the comparison of means with the use of analysis of variance (ANOVA) test, and the determination of correlation. Table 1 summarizes the average concentrations of benzene, toluene, ethylbenzene, m,p-xylene and o-xylene measured in personal and area samples, with the aim of comparing the average personal exposure with ambient concentrations. The personal sampling data (n=61) reflected the in-vehicle VOC concentrations, while the area sampling data reflected the ambient VOC concentration in both urban (n=5) and rural (n=5) areas. For both personal and area sampling categories, toluene had the highest average concentrations (196.6, 83.7 and 14.0 µg/m 3 for personal, urban and rural, respectively), followed by o-xylene (88.5, 38.0, and 24.7 µg/m 3 ). The average personal sampling concentrations for the other compounds were: 72.5 µg/m 3 for m,p-xylene, 55.6 µg/m 3 for benzene, and 17.9 µg/m 3 for ethylbenzene. For both urban and rural areas, ethylbenzene (concentration < 9.5 µg/m 3 ) and m,p-xylene (concentration < 19.1 µg/m 3 ) were not detected. In addition, benzene was not detected in the rural area samples (concentration < 8.6 µg/m 3 ) and had an average concentration of 11.8 µg/m 3 in the urban area samples. There were statistically significant differences (p<0.05) between the average concentrations of all target VOCs in the personal samples and the corresponding urban area samples. The average concentrations of the VOCs measured by the personal samplers were 2 to 5 times higher (3 times on the average) than the VOC concentrations in the urban ambient air. The average concentrations of benzene, toluene and o-xylene in the urban area were higher than those in the rural area, but only the benzene and toluene concentration differences in the two areas were statistically significant (p<0.05).
Results
VOC concentrations in personal and area samples
Personal exposure VOC concentration differences within and between jeepney drivers
The within-driver exposure variability was compared to the between-driver exposure variability for each target VOC. Using ANOVA, it was determined that there was greater within-driver exposure variability for benzene and toluene, while between-driver exposure variability was greater for ethylbenzene, m,p-xylene and o-xylene. However, the exposure concentrations of all selected VOCs were not significantly different (p>0.05) among the jeepney drivers. Within-driver variation in VOC concentrations was attributed to the day-to-day differences in concentrations over the same route, while between-driver variation was attributed to each of the driver's environment. Table 2 shows the daily average concentrations of the target VOCs to which each jeepney driver was exposed. For every driver, the average toluene concentrations were the highest among the VOCs, followed by o-xylene, m,pxylene, benzene and, lastly, ethylbenzene. The highest average VOC concentration to which the jeepney drivers were exposed was 65.5 µg/m 3 for benzene, 247.9 µg/m 3 for toluene, 33. Personal exposure VOC concentration differences by sampling day Table 3 shows the breakdown of the average personal exposure concentration of the jeepney drivers to the target VOCs for each sampling day. The highest average VOC concentration in a sampling day was 61.1 µg/m 3 for benzene (day 1), 242.4 µg/m 3 for toluene (day 5), 21.4 µg/m 3 for ethylbenzene (day 1), 86.8 µg/m 3 for m,pxylene (day 1), and 92.9 µg/m 3 for o-xylene (day 3). There was no one particular day wherein the concentrations of all the VOCs were the highest. For each sampling day, toluene concentrations were consistently the highest among the VOCs, followed by o-xylene, m,pxylene, benzene and, lastly, ethylbenzene. Only the concentrations of benzene, toluene and m,p-xylene were significantly different (p<0.05) among the sampling days.
Furthermore, the average personal exposure VOC concentrations were also compared to the average urban area VOC concentrations for each sampling day. For all target VOCs, the concentrations measured in personal samples were 2 to 5 times higher than those measured in the corresponding urban area samples. Table 4 shows the correlation of the concentrations for the selected VOCs in personal samples. All the VOCs were significantly correlated in the personal samples. The strength of the correlation was designated as follows: strong (r ≥ 0.7), moderate (0.3<r<0.7) and weak (r ≤ 0.3). Ethylbenzene and the xylenes (m,p-xylene and o-xylene) were strongly correlated (correlation coefficient, r=0.74-0.75) to each other, while toluene and o-xylene were weakly correlated (r=0.22). The rest of the VOC combinations had moderate correlations (r=0.42-0.68). For both urban and rural areas, the number of samples collected was too small (n=5 for each area) for correlation to be valid.
Correlation between selected VOC concentrations
Discussion
A number of studies have been conducted in several countries to assess the concentration of benzene, toluene, ethylbenzene, m,p-xylene and o-xylene. These studies assessed in-vehicle or ambient VOC concentrations, or both. The findings in this study were compared to those in the previous studies of the selected VOCs.
In-vehicle vs. ambient VOC concentrations
This study showed that the in-vehicle concentrations of the selected VOCs were significantly higher (2-5 times higher) than the ambient VOC concentrations in Manila. This finding is consistent with those of other studies. A study by Jo and Park found that in-vehicle VOC concentrations in cars and buses are higher compared to the ambient VOC concentration 8) . Similar conclusions were also drawn from U.S. studies in Boston, Raleigh and New Jersey 10, 11, 16) .
Based on these consistent findings, the vehicle interior appears to be an important microenvironment for VOC exposure. Proximity to the exhaust from vehicles in the EXPOSURE OF JEEPNEY DRIVERS IN MANILA TO SELECTED VOCs traffic and exposure to environmental tobacco smoke (ETS) in a semi-enclosed environment is likely to be an important factor in the differences found between in-vehicle and ambient VOC concentrations. We may therefore conclude that area sampling is not an appropriate method to estimate the exposure of jeepney drivers to VOCs because it underestimates these exposures. Cigarette smoking is one of the possible sources of the drivers' VOC exposure. However, smoking habit was not taken into account as a confounder because the vast majority of drivers were smokers, as well as many passengers. Being in a non-compartmental vehicle, drivers may get exposed to cigarette smoke from the passengers.
Correlations of target VOCs
All the VOCs in this study were significantly correlated among themselves in the urban personal (r=0.22-0.75) and area samples (r=0.28-0.94). Similar correlations among the selected VOCs in urban areas were found in other studies. As compared to those found in this study, stronger correlations among the 5 target VOCs were found in other studies, such as Dor et al. 17, 18) . A study in Raleigh, USA showed correlations between benzene, toluene and m,p-xylene (r=0.827-0.957) 10) . Other studies conducted in Taegu (Korea) and Taichung (Taiwan) also showed similar results on some of the target VOCs 5, 6, 19) . The target VOCs investigated in this study were reported in previous studies as markers of vehicle emissions 11, 12) . This study indicates that motor vehicle emissions may be considered common major sources of VOCs in Manila. Thus, it is probable that the exposure of drivers to the selected VOCs may come from motor vehicles. This finding also implies that certain representative VOCs may be chosen as substitutes or surrogates to assess total VOC exposures involving vehicle emissions. Table 5 shows the summary of the average VOC concentrations from this study and other previous studies on the VOC concentrations in different types of vehicles in different cities 5-11, 16, 17, 19-26) .
In-vehicle concentrations of target VOCs
The benzene in-vehicle concentration in Manila in this study was comparable with that in the UK, but is generally higher (1.2 to 10 times higher) than those in the cities of Korea, Germany, Australia, Sweden, France and the U.S. However, the benzene concentration is lower than those in the cities of Taiwan, Mexico and Netherlands, which are 2 to 7 times higher than that in Manila.
Toluene is the most dominant in-vehicle VOC in this study, with the highest average concentration of 196.6 µg/m 3 . This dominant VOC pattern is consistent with all the other studies reviewed. The toluene in-vehicle concentration in Manila is also comparable with that in the UK. However, it is generally higher (1.2 to 10 times higher) than levels in the cities of Korea, Germany, France and the U.S., while it is lower than levels in the cities of Taiwan, Mexico and Netherlands, which are 2 to 5 times higher.
Among the selected VOCs in this study, ethylbenzene is the least dominant in the jeepneys, with the lowest average concentration of 17.7 µg/m 3 . This pattern is consistent with studies conducted in Taiwan, Korea, France, U.K. and the U.S. The ethylbenzene in-vehicle concentration in Manila is comparable with that in the UK, but is generally higher (1.6 to 7 times higher) than those in Korean and U.S cities. However, it is lower than those in the cities of Taiwan, Germany (in-auto) and France, which are 2 to 18 times higher.
The m,p-xylene in-vehicle concentration in this study was again comparable with that in the UK, but is generally higher (1.8 to 15 times higher) than those in the cities of Korea, Germany, and the U.S. (except Los Angeles). However, the m,p-xylene concentration is lower than those in the cities of Taiwan and France, which are 1.2 to 13 times higher than that in Manila.
Lastly, the o-xylene in-vehicle concentration in Manila is higher (2 to 29 times higher) than those in the cities of Korea, France, Germany, U.K and the U.S. However, the benzene concentration is generally lower than those in Taiwan cities, with concentrations varying from just slightly higher to 6 times higher compared to that in Manila.
In general, the in-vehicle VOC concentrations found in Manila were lower than those in studies conducted in Taiwan, and were higher than those found in Korean and American studies. There are also observed differences in in-vehicle VOC concentrations for the same type of vehicle. For example, VOC concentrations measured in cars ranged from 12-248 µg/m 3 for benzene, 32-599 µg/m 3 for toluene, 5.8-213 µg/m 3 for ethylbenzene, 14.1-240 µg/m 3 for m,p-xylene, and 7.3-162 µg/m 3 for o-xylene. Some of the possible explanations for these concentration differences include the differences in the types and number of VOC sources in the cities, the density of vehicles, the vehicle traffic, the age of vehicles, and the type of vehicle fuel used.
Within and between driver variability
For benzene and toluene, the within-driver exposure variability predominates the between-driver exposure variability. Each driver drove the same route and jeepney vehicle each time, so any variability observed within the driver may imply that the general environment of Manila drives the variability. On the other hand, betweendriver exposure variability predominates for ethylbenzene, m,p-xylene and o-xylene. All the drivers took the same route and, thus, any variability among the drivers may imply that there are some factors that caused the variability, such as the emission levels of the jeepney vehicles they drove, and the smoking habit of the drivers and passengers. However, statistically, the exposure variability between the jeepney drivers for all the selected VOCs is not significant. This indicates the above-mentioned factors that may cause variability did not seem to affect between-driver variability. Specifically, whether the driver is a smoker or non-smoker did not make a significant difference in the VOC exposure among the drivers. This may be explained by the fact that non-smoking drivers may still be exposed to cigarette smoke produced by smoking passengers. The personal exposure concentrations of all target VOCs were significantly higher than the corresponding ambient air concentrations in Manila, which suggests that area sampling is not the best method to estimate the exposure of jeepney drivers to VOCs because it underestimates these exposures, as supported by other studies. The urban ambient air concentrations of detected target VOCs were also significantly higher than the corresponding rural ambient air concentrations. Toluene has the highest concentration, while ethylbenzene has the lowest concentration among the target VOCs.
Conclusion
Despite the existence of factors that may cause variability, such as emission levels of the jeepney vehicles being driven and the smoking habit of the drivers and passengers, the personal concentrations of all VOCs were not significantly different among the jeepney drivers. The personal exposure of the drivers to ethylbenzene and oxylene are not significant among the sampling days. The target VOCs in personal samples had significant correlations, implying that motor vehicle exhaust and/or evaporative emissions may be the common major sources of VOC pollutants in Manila. In general, the in-vehicle VOC concentrations found in Manila were higher than those found in Korean and American studies, and were lower than those in studies conducted in Taiwan. This study provides the first estimate of jeepney drivers' exposure to the target VOCs in Manila. The results bring knowledge about the levels of exposure for people working in the urban streets of Manila, such as drivers, street vendors, traffic aides, and street and utility repair personnel. The findings of the study may also encourage more studies for the above-mentioned populations.
Since the personal sampling of jeepney drivers was conducted for five days on fifteen different drivers on a route representative for the traffic conditions in Manila, the results obtained in this study qualifies the conclusion that the exposures to VOCs obtained are representative for this particular category of workers. Limitations that were identified in the study include a small sample size and inclusion of one driving route only. A more comprehensive study is needed to assess the VOC exposure of jeepney drivers, wherein other factors that may affect VOC exposure, such as smoking and other identified limitations, may be addressed and incorporated in the design of future studies.
